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substituted triphenylamine core and 

allylidenemalonitrile fragments has been designed. The linear and second order nonlinear 

of the chromophores have been studied 



  

experimentally. Structure-properties relationships, in term of branching effect on the 

triphenylamine core and the influence of aniline/coumarin part on the photophysical 

properties and NLO response have been highlighted. Experimental results have been 

rationalized by theoretical calculations.  

 

Introduction 

Nonlinear optic (NLO) has been subject to intensive research since the development of lasers. 

Under high intensity electromagnetic excitation, NLO-chromophores undergo modification of 

their electronic structure leading to modification of their optical properties.1 Second order 

NLO-chromophores exhibit high first order hyperpolarizability β and have been used for the 

generation of new frequencies of coherent light, electrooptic modulation and photonic 

switching with applications such as the generation of a green laser from a red source, the 

terahertz wave generation for telecommunication and the second/third harmonic microscopy.2 

Second order NLO chromophores are generally inorganic materials. Nevertheless, organic 

materials offer several advantages such as well-defined and easily tunable structures and large 

NLO responses. The D-π-A push-pull structure is typical of second order NLO chromophores 

and the first order hyperpolarizability is closely related to the intramolecular charge transfer 

(ICT) into the molecule.3 The NLO properties can be tuned by playing on the donor/acceptor 

couple4 or by varying the π-conjugated linker.5 In addition to the ordinary linear D-π-A 

systems, quadrupolar (D-(π-A)2 or A-(π-A)2) and octupolar (D-(π-A)3 or A-(π-A)3) structures 

can be also used for second order NLO properties provided the chromophores are not 

centrosymetric.6  

The triphenylamine building block has been extensively used as electron-donating group for 

push-pull structures. Triphenylamine derivatives with electron-withdrawing substituents are 

well-known for their high luminescence7 and two-photon absorption (TPA) properties.8  The 



  

mono-, di-, and tri- substitution of the triphenylamine core permit to obtain dipolar, 

quadrupolar and octupolar structures. A significant branching effect has been observed on the 

TPA properties.9 Dipolar monosubstituted triphenylamine derivatives  have been extensively 

described as second order NLO chromophores,10 but quadrupolar and octupolar 

triphenylamine chromophores have been rarely used in this context.11 

Recently, allylidenemalonitrile derivatives have been proposed as NLO chromophores.12 

Some of these compounds exhibit high figure of merit.13  

In this contribution we describe the synthesis of triphenylamine derivatived decorated with 

one, two or three allylidenemanolonitrile fragments bearing aniline or coumarin groups (Chart 

1). Their photophysical and second order NLO properties as well as their thermal stability 

were also studied. TD-DFT calculations were also performed to gain further insight into the 

ICT occurring in these structures.  
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Chart 1: Structure of studied compounds   

Results and discussion 

Synthesis 

Compounds 1 and 2 were obtained with moderate to good yield by condensation of the 

corresponding ethylidenemalononitrile derivative14 on mono-, di-or tri-formyltriphenylamine 

starting material (Scheme 1) according to a procedure developed previously by some of us.13 

It should be noted that due to solubility problem, the synthesis of compound 1c from tri-



  

formyltriphenylamine has been performed in MeCN instead of EtOH. The chromophore with 

three coumarin fragments was not isolated, once again due to solubility reason even when 

using MeCN as solvent.  

N
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CN
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NC
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Scheme 1: Synthesis of compounds 1 and 2. 

Linear Optical Properties 

The UV-vis and photoluminescence (PL) spectroscopic data for compounds 1 and 2, 

measured in chloroform are presented in Table 1 and the normalized spectra are shown in 

figure 1. The analyses were carried out using low concentration solution ((1.0-2.0) × 10-5 M 

for absorption, (1.0-2.0) × 10-6 M for emission). Under these conditions, self absorption 

effects were not observed.  

 

Table 1. UV-vis and photoluminescence (PL) data in CHCl3 solution. 
 

Compd λabs 

(nm) 
ε 

(mM–1 cm–1) 
λem 

(nm) 
 

ΦF
a 

Stokes shiftb 
(cm–1) 

Brightnessb,c 
(mM–1 cm–1) 

1a 304, 490 26.8, 40.0 629 0.16 4510 6.4 
1b 451sh, 512 37.8, 54.5 613 0.26 3218 14.2 
1c 345, 509 30.4, 59.4 612 0.30 3306 17.8 
2a 387, 507 39.2, 86.8 666 0.32 4709 27.7 
2b 397, 470 39.1 41.0 654 0.19 5986 7.8 



 

aFluorescence quantum yield (±10%) determined relative to 9,10
bis(phenylethynyl)anthracene in cyclohexane (
bCalculated using the less energetic absor

of ε and ΦF. 

 

 

Fluorescence quantum yield (±10%) determined relative to 9,10
bis(phenylethynyl)anthracene in cyclohexane (ΦF = 1.00) as standard. 
Calculated using the less energetic absorption band cCalculated as the product 

Fluorescence quantum yield (±10%) determined relative to 9,10-
= 1.00) as standard. 

Calculated as the product 

 



  

Figure 1. Normalized absorption and emission spectra in CHCl3 of compounds 1 (part a) and 

2 (part b)  

All the compounds exhibited orange-red emission with quantum yield up to 0.32. For 

compounds 1, it appears that the polysubstitution of the triphenylamine core results in blue-

shifted emission associated with a significant increase of the quantum yield and of the molar 

extinction coefficient of the charge transfer absorption band, leading to an enhanced 

brightness. The emission of compounds 2b is also blue-shifted in comparison with compound 

2a, in accordance with the observation on other series of triphenylamine derivatives.7a,9b,15 As 

far as coumarin  (2) and aniline (1)  derivatives are compared, a significant bathochormic shift 

is observed either in absorption and emission in case of compounds 2 indicating an enhanced 

ICT.    

The photophysical properties of compounds 1 and 2 were measured in a series of aprotic 

solvents of various polarity, estimated by the Dimroth-Reichardt parameter.16 Concerning the 

absorption spectra (see Table S1), a bathochromic shift is observed in chlorinated solvents 

(CH2Cl2 and CHCl3) indicating that the excited state of the studied chromophore can be 

effectively stabilized by polarizable halogentated solvent.17
  For compounds 1b, 1c and 2b, a 

bathochromic shift attributed to the formation of J-aggregate18 is also observed in heptane. 

The results of emission solvatochromism are given in Table 2. As observed generally for  

push-pull compounds,7a,8b-c,11b-c,19 the studied chromophores showed a significant positive 

emission solvatochromism. This solvatochromic behavior results from the stabilization of the 

highly polar emitting state by polar solvents.20  As examples, the PL spectra and the color 

changes observed upon UV-irradiation of compound 1a in various solvents are shown in 

Figures 2-3 and S4. It should be noted that intense luminescence is only observed in 

chlorinated solvents (CHCl3 and CH2Cl2) and in THF. 

 



 

Table 2 Emission solvatochromism

  Heptane Toluene 

 
30.9a 33.9a 

Compd λmax (nm) λmax (nm)
1a 544 574 
1b 679 568 
1c - 566 
2a 573 611 
2b 570 607 

a ET(30), Dimroth–Reichardt polarity parameter in kcal mol

Figure 2: Normalized emission spectra of compound 

 

 

Emission solvatochromism of TPA derivatives 1–7 in various aprotic solvents.

 1,4-dioxane THF CH2Cl2 Acetone
36.0a 37.4a 40.7a 42.2a

(nm) λmax (nm) λmax (nm) λmax (nm) λmax (nm)
591 628 661 676 
587 634 645 688 
593 630 643 - 
618 663 686 - 
627 667 677 - 

Reichardt polarity parameter in kcal mol–1. 

: Normalized emission spectra of compound 1a in various solvents.

in various aprotic solvents. 

Acetone 
a  

(nm) 
 
 

 

in various solvents. 



 

Figure 3: Fluorescence color 

toluene, 1,4-dioxane, CHCl3, CH

 

Due to the presence of protonable amino groups in the structure of compounds 

progressive addition of camphorsulphonic acid (CSA) on the photophysical properties of 

compound 1a has been studied. The addition of CSA (10

compound 1a lead to a red-shifted absorption (

maxima with an increased fluorescence quantum yield (

 

: Fluorescence color change of 1a in various solvents (from left to right: heptane, 

, CH2Cl2, Acetone) with a hand-held UV lamp (

Due to the presence of protonable amino groups in the structure of compounds 

progressive addition of camphorsulphonic acid (CSA) on the photophysical properties of 

has been studied. The addition of CSA (10-2 M), in chloroform solution of 

shifted absorption (λabs = 512 nm) and emission (

maxima with an increased fluorescence quantum yield (ΦF =0.20) (Figure 4)

 

in various solvents (from left to right: heptane, 

held UV lamp (λexc = 366 nm).  

Due to the presence of protonable amino groups in the structure of compounds 1, the effect of 

progressive addition of camphorsulphonic acid (CSA) on the photophysical properties of 

M), in chloroform solution of 

= 512 nm) and emission (λem = 672 nm) 

) (Figure 4) 

 



  

Figure 4: Color change of CHCl3 solution of 1a without (left) or with (right) the addition of  

CSA (10-2 M) under white light (part a) or UV lamp irradiation (λexc = 366 nm). 

 

The evolution of the emission spectrum of chloroform solution of compound 1a upon 

progressive addition of CSA is shown on Figure 5. Contrary to what is observed generally in 

case of an acid-base equilibrium, no isobestic point is shown. The progressive bathochromic 

shift of the emission band might be attributed to a polarity and ionic strength increase of the 

media instead of the protonation of the chromophore.  

 

Figure 5: Change in the emission spectra of a CHCl3 solution of 1a (c = 2.0 × 10-5 M) upon 

addition of CSA 

 

Second Order NLO properties 

The second-order NLO responses of chromophores 1 and 2 were measured by the EFISH 

technique in CHCl3 solution with a non resonant incident wavelength of 1907 nm. The second 

harmonic at λ = 953 nm stays well clear of the absorption bands of the chromophores. 



  

Experimental details on EFISH measurements are given elsewhere.21 EFISH measurements 

provide information about the scalar product µβ (2ω) of the vector component of the first 

hyperpolarisability tensor β and the dipole moment vector.22 This product is derived 

according to equation 1 and considering γ0(-2ω,ω,ω,0), the third-order term, as negligible for 

the push-pull compounds under consideration. This approximation is usually used for push-

pull organic molecules. 

γEFISH = µβ/5kT + γ0(-2ω,ω,ω,0)  Eq. 1 

 

The results of EFISH measurements are presented in Table 3. For all the compounds, positive µβ were 

obtained, indicating that excited states are more polarized than the ground state and that both ground 

and excited states are polarized in the same direction. Compounds 1 and 2 exhibited higher NLO 

response than Disperse Red 1 generally used as reference (µβ = 450 10-48 esu).23 Coumarin 

derivatives 2 exhibit higher NLO response than their aniline analogues. In the aniline series, 

the multisubstitution of the triphenylamine core leading to the quadrupolar structure 1b and 

the octupolar structure 1c results in a reduction of the NLO response with regard to the 

dipolar monosubstituted triphenylamine derivative 1a.  Even if the µβ  value of chromophore 

2b is higher than that of 2a, its figure of merit is significantly lower.  

 

Table 3. Results of EFISH measurements for compounds 1 and 2. 

 1a 1b 1c 2a 2b 

µβ [10-48 esu]a 880 770 670 1400 1750 

µβ 0 [10-48 esu]b 600 510 450 930 1240 

µβ/MWc 2.0 1.2 0.8 2.5 2.0 
a µβ (2ω) at 1907 nm in CHCl3. Molecular concentrations used for the measurements were in the range 10-3 to 

10-2 M. µβ ± 10% b Two level corrected β values (β0).
24 c Figure of merit 10-48 esu g mol-1 

 

Thermal properties 

The thermal stability of NLO chromophores is also a key parameter for application in devices 

due to the high temperature requested for preparation processes. Thermogravimetric analysis 



  

(TGA) for compounds 1a, 1b and 2 (Figure 6) showed good stability with thermal 

decomposition occurring at temperature higher to 300°C which is sufficiently high for 

application in electro-optical device application. Compounds 1c and 2b showed thermal 

decomposition beginning at lower temperature (around 250°C) 

 

Figure 6: TGA curves of chromophores 1 and 2 

Computational studies 

The optimized structures of the compound 1 and 2 in CHCl3 are shown in Figure 7 and S1-S4. 

The selected geometrical parameters are given in Table S1. Ground state geometries of 

studied molecules showed that the π-conjugated linker between the diphenylamino group and 

the cyano fragments were not completely planar, with out-of-plane twist angles of less than 

25° which increases in the following order 1a (17.8°) < 1b (20.2°, 21.5°) < 1c (23.7°, 23.8°, 

24.3°) and 2a (11.7°) < 2b (16.0°, 16.2°). Moreover the Bound length alternation (BLA) has 

been calculated for the vinylic linker of each branch of the chromophores. The results are 

provided in table 4. BLA value increases in the following order: 1a < 1b < 1c  and 2a < 2b. 



  

These results indicates that the ICT decreases upon multisubstitution of the triphenylamine 

core and that the coumarin fragment, with respect to the aniline one, significantly enhances 

ICT into the chromophores, in accordance experimental NLO response. 

    

Figure 7. Optimized structure of 1a in ground state.  

Table 4. BLA in (Å) calculated for the vinylic linker on each branch of chromophores 1 and 

2. 

 1st branch 2nd branch 3rd branch 

1a 0.06287 - - 

1b 0.06948 0.06907 - 

1c 0.0732 0.0727 0.07266 

2a 0.05875 - - 

2b 0.06624 0.06619 - 

 

 



  

To get further information about electronic structures of all studied molecules, TD-DFT 

calculations were performed with cam-B3LYP/6-31+g(d,p) in CHCl3. Calculated absorption 

maxima, oscillator strengths and the contributions of orbital transitions for compounds 1 and 

2 are given in Table 5. As seen from the table, the major contributions for main absorption 

band come from the transition HOMO→LUMO (83-88%). Apart from a systematic blue shift 

of the TD-DFT results with respect to the experimental ones, similar trends are observed: a 

red-shift of absorption maxima for polysubstituted triphenylamines. HOMO, LUMO energies 

and the energy gap between HOMO and LUMO (∆E) are also provided in Table 5. The 

calculations show that ∆E value changes in order to 1a > 1b ~ 1c and 2a > 2b, in accordance 

with experimental absorption maxima but in contradiction with BLA calculations. 

Table 5. TD-DFT Computed UV-vis data for compounds 1 and 2.  

Molecules λmax
cal. f Transitions 

Contributions 

(%) 

EHOMO 

(eV) 

ELUMO 

(eV) 

∆E 

(eV) 

1a 439 1.4412 HOMO→LUMO 

HOMO-2→LUMO 

88 

6 

-5.25 -2.56 2.69 

1b 459 1.8814   HOMO→LUMO 

HOMO-3→LUMO+1 

HOMO→LUMO+2 

83 

10 

3 

-5.36 -2.80 2.56 

1c 445 1.6600 HOMO→LUMO 

HOMO-5→LUMO+1 

HOMO-5→LUMO+2 

HOMO-4→LUMO 

80 

2 

6 

2 

-5.44 -2.86 2.58 

2a 458 1.4987   HOMO→LUMO 

HOMO-2→LUMO 

HOMO-1→LUMO 

85 

5 

3 

-5.24 -2.68 2.57 

2b 468 2.0322   HOMO→LUMO 

HOMO-3→LUMO+1 

80 

9 

-5.34 -2.90 2.44 

 

 

 



  

 

 

Figure 8. HOMO and LUMO localizations in 1a-1c and 2a-2b. 

 

As shown on Figure 8, the HOMOs are localized on the donating triphenylamine moiety 

while the LUMOs are localized dicyanomethylene acceptor groups for all the studied 

compounds. However, for compound 1c, the LUMO occupies only two branches, the third 

one being completely vacant indicating that there is no contribution to the charge transitions 

from that branch. This is a common feature of tripodal triphenylamine push-pull 

chromophores.7a,8a,20a   

The calculated electrical dipole moment (µ) and first hyperpolarizability (β) values at 

B3LYP/6-311++g(2d,p) in chloroform are given in Table 6. The calculations indicate a 

decrease of  the β values from 1a to 1c and from 2a to 2b.  For compounds 2, the presence of 

the coumarin fragment in the structure provided an increase in the NLO property with respect 

to compounds 1 in accordance with experimental results. 

 



  

Table 6. Calculated electrical dipole moment (µ) and first hyperpolarizability (β) values  of 

compounds 1 and 2 at B3LYP/6-311++g(2d,p)  in chloroform. 

 µ (D) β (× 10-24 esu) 

1a 15.0 576 

1b 13.7 527 

1c 9.6 99 

2a 15.2 649 

2b 22.0 625 

 

 

Conclusion 

In summary, five chromophores with a triphenylamine core and analine/coumarin decorated 

allylidenemalonitrile fragments have been synthesized. Their photophysical properties have 

been measured. These compounds exhibit strong emission in chlorinated solvent and the 

intense emission solvatochromism observed is characteristic of a strong ICT. Relatively high 

NLO response (µβ)  have been obtained and the following trends have been observed: the 

multisubstitution of the triphenylamine core results in a decrease of the figure of merit and 

coumarin fragments on allylidenemalonitrile significantly enhance the NLO response with 

respect to their aniline analogues. The easy synthesis, high thermal stability and important 

figure of merit of chromophores 1a and 2a make them interesting candidate to be 

incorporated into polymeric films for second harmonic generation. 

 

Experimental section 

Materials 

All chemicals were purchased from commercial sources and were used without further 

purification. 2-(1-(4-aminophenyl)ethylidene)malononitrile and 2-(1-(7-(diethylamino)-2-

oxo-2H-chromen-3-yl)ethylidene)malononitrile were obtained as described in the literature.14 



  

Thin-layer chromatography (TLC) was used for monitoring the domino reactions using 

precoated silica gel 60 F254 plates. 1H/13C NMR spectra were recorded on NMR spectrometer 

Bruker-Spectrospin Avance DPX 300 and Ultra-Shield in DMSO-d6. Chemical shifts (δ) are 

given in parts per million (ppm) using the residue solvent peaks as reference relative to TMS. 

Coupling constants (J) are given in hertz (Hz). High resolution mass spectra (HRMS) were 

recorded at Gazi University Faculty of Pharmacy using electron ionization (EI) mass 

spectrometry (Waters-LCT-Premier-XE-LTOF (TOF-MS) instruments; in m/z (rel. %). FT-IR 

spectra were recorded on Nicolet iS5 FT-IR Spectrometer equipped with ATR system. The 

melting points were measured using Electrothermal IA9200 apparatus. Absorbance and 

emission spectra were recorded by using a Spex FluoroMax-3 Jobin–Yvon Horiba 

spectrofluorimeter. Compounds were excited at their absorption maxima (longest-wavelength 

absorption band) to record the emission spectra. The ΦF values were calculated by using a 

well-known procedure with 9,10-bis(phenylethynyl)anthracene in cyclohexane as standard.25 

Stokes shifts were calculated by considering the lowest-energy absorption band. 

Computational methods 

The calculations were performed using Gaussian 09 package program.26 The compounds were 

optimized using Density Functional Theory (DFT) at B3LYP/631g(d) level.27  The vibrational 

analysis verify that the optimized structures correspond to local minima on the energy surface. 

The time-dependent density functional theory (TD-DFT) calculations were performed at cam-

B3LYP/631+g(d,p) level. To obtain the second order NLO properties of the molecules, the 

dipole moment (µ) and hyperpolarizability (β) were estimated from the calculations 

performed using B3LYP/6311+g(2d,p) level. All calculations were done in CHCl3 with the 

polarized continuum model (PCM) [4].28 

 

General procedure for the synthesis of compounds 1a-b and 2a-b 



  

A mixture of  the corresponding triphenylamine carboxaldehyde (2 mmol) and the appropriate 

ethylidenemalononitrile (1.4 eq per formyl group) and a few drops piperidine in 40 mL 

ethanol was stirred under reflux untill completion of the reaction (8-48 h). After cooling to 

room temperature the precipitate was filltered off and then recrystallized from ethanol. 

 

(E)-2-(1-(4-aminophenyl)-3-(4-(diphenylamino)phenyl)allylidene)malononitrile (1a) : Red 

solid. Yield: 74% (649 mg) mp: 205-207 oC FT-IR (cm-1): 3456-3361 (NH2), 3036 (CH ar), 

2217 (CN), 1626-1600 (CC ar) 1581 (CC ar). 1H-NMR (DMSO-d6, δ): 7.58 (d, J = 8.8 Hz, 

2H), 7.38-7.16 (m, 13 H), 7.00 (d, J = 15.3 Hz, 1H), 6.87 (d, J = 8.6 Hz, 2H), 6.67 (d, J = 8.5 

Hz, 2H), 6.13 (s, 2H). 13C-NMR (DMSO-d6 , δ): 171.4, 153.6, 150.7, 148.3, 146.4, 132.5, 

130.9, 130.3, 127.6, 126.1, 125.3, 122.2, 120.6, 119.9, 116.4, 115.5, 113.6, 73.1. HR-MS 

(m/z), [M+H]+: C30H23N4 , calculated: 439.1917; found: 439.1935 

2,2'-((2E,2'E)-((phenylazanediyl)bis(4,1-phenylene))bis(1-(4-aminophenyl)prop-2-en-3-yl-1-

ylidene))dimalononitrile (1b) : Red solid.  Yield: 70% (886 mg) mp: 248-250 oC FT-IR (cm-

1): 3487-3375 (NH2), 3336 (NH), 2592 (CN), 1600 (CC ar) 1H-NMR (DMSO-d6, δ): 7.66 (d, 

J = 8.6 Hz, 4H), 7.45 – 6.95 (m, 17H), 6.68 (d, J = 8.6 Hz, 4H), 6.17 (s, 4H). 13C-NMR 

(DMSO-d6 , δ): 171.1, 153.7, 149.3, 147.7, 145.8, 132.6, 130.9, 130.5, 129.6, 126.7, 126.1, 

123.4, 119.7, 116.3, 115.4, 113.6, 73,6. HR-MS (m/z) , [M+H]+: C42H30N7 , calculated: 

632.2557 ; found: 632.2573 

2,2',2''-((2E,2'E,2''E)-(nitrilotris(benzene-4,1-diyl))tris(1-(4-aminophenyl)prop-2-en-3-yl-1-

ylidene))trimalononitrile (1c) : Tris(4-formylphenyl)amine ( 0.586 g, 0.71 mmol) and 2-(1-(4-

aminophenyl)ethylidene)malononitrile (0.653 g, 3.57 mmol) were dissolved in absolute 

acetonitrile (40 mL). Piperidine was added in catalytic amount (0.1 mL) and the reaction 

mixture was refluxed under N2 for 12 h. After cooling to r.t., the mixture was poured into ice-

water and pH 7 with 1 M NaOH. The residue was chromatographed on a silica gel column 



  

with ethyl acetate/n-hexane (v/v, 6/1) to produce of dark red solid. Yield: 40% (30 mg) mp: 

180 oC FT-IR (cm-1): 3471-3369 (NH2), 2213 (CN), 1623 (CC ar), 1601 (CC ar). 1H-NMR 

(DMSO-d6, δ): 7.71 (d, J = 8.7 Hz, 6H), 7.36 (d, J = 15.6 Hz, 3H), 7.31 (d, J = 8.7 Hz, 6H), 

7.12 (d, J = 8.7 Hz, 6H), 7.07 (d, J = 15.5 Hz, 3H), 6.68 (d, J = 8.7 Hz, 6H), 6.21 (s, 6H). 13C-

NMR (DMSO-d6, δ): 171.1, 153.8, 148.6, 147.5, 132.7, 131.0, 124.9, 124.1, 119.7, 116.2, 

115.4, 113.6, 74.0. HR-MS (m/z), [M+H]+: C54H37N10 , calculated: 825.3197 ; found: 

825.3225 

(E)-2-(1-(7-(diethylamino)-2-oxo-2H-chromen-3-yl)-3-(4-

(diphenylamino)phenyl)allylidene)malononitrile (2a): Red solid. Yield: 86% (970 mg) mp: 

233-235 oC) FT-IR (cm-1): 3062 (CH ar), 2967 (CH alk), 2222 (CN), 1706 (CO), 1622 (CC 

ar), 1579 (CC ar). 1H-NMR (DMSO-d6, δ): 8.08 (s, 1H), 7.63 (d, J = 8.7 Hz, 2H), 7.55 (d, J = 

9.0 Hz, 1H), 7.43-7.13 (m, 12H), 6.85 (d, J = 8.7 Hz, 2H), 6.80 (dd, J1 = 8.9 Hz, J2 = 2.1 Hz, 

1H), 6.64 (d, J = 1.5 Hz, 1H), 3.49 (q, J = 6.7 Hz, 4H), 1.15 (t, J = 6.9 Hz, 6H). 13C-NMR 

(DMSO-d6 , δ): 167.0, 158.7, 157.6, 152.5, 151.2, 148.9, 147.2, 146.2, 131.6,  130.4, 127.3, 

126.4, 125.6, 120.6, 120.1, 114.8, 114.0, 112.4, 110.2, 107.8, 96.9, 78.7, 44.8, 12.8. HR-MS 

(m/z), [M+H]+:  C37H31N4O2 calculated: 563.2442 found: 563.2471. 

2,2'-((2E,2'E)-((phenylazanediyl)bis(4,1-phenylene))bis(1-(7-(diethylamino)-2-oxo-2H-

chromen-3-yl)prop-2-en-3-yl-1-ylidene))dimalononitrile (2b) : Black solid. Yield: 45% (792 

mg) mp: 270-271 oC) FT-IR (cm-1): 2929 (CH alk), 2216 (CN), 1714 (CO), 1615 (CC ar). 1H-

NMR (DMSO-d6, δ): 8.10 (s, 2H), 7.71 (d, J = 8.7 Hz, 4H), 7.55 (d, J = 9.0 Hz, 2H), 7.46-

7.14 (m, 7H), 7.05 (d, J = 8.6 Hz, 4H), 6.80 (dd, J1 = 9.0 Hz, J2 = 1.8 Hz, 4H), 6.65 (d, J = 1.8 

Hz, 2H), 3.50 (q, J = 7.0 Hz, 8H), 1.15 (t, J = 6.9 Hz, 12H). Due du solubility problem, it was 

not possible to register a complete 13C nmr spectrum. HR-MS (m/z) , [M+H]+: C56H46N7O4, 

calculated:880.3606 ; found: 880.3618. 
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